Introduction {#S0001}
============

Although malignant melanoma (MM) is more lethal than other kinds of skin cancer, non-melanoma skin cancer (NMSC) -- including basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) -- has a greater lethality and is also associated with substantial morbidity, loss of function, disfigurement, and costs.[@CIT0001],[@CIT0002] The incidence of NMSC has been increasing over the past decades since between 2 and 3 million NMSC occur globally each year.[@CIT0003],[@CIT0004]

The Pathogenesis of BCC and SCC is usually combined with environment factors, mainly ultraviolet (UV) irradiation by long-term sun exposure. Different environmental factors are usually involved in the pathogenesis of BCC and SCC, mainly ultraviolet (UV) irradiation through long-term sun exposure.

Ultraviolet light can induce DNA damage randomly in keratinocytes. Also it can mutate genes that are crucial for skin epidermis control and monitoring. NMSC most often grows on regions of skin that are frequently subjected to the sun.[@CIT0005]

Autophagy is a cellular process that retains the homeostasis and integrity of cells and tissues through the degradation of senescent, defective subcellular organs, infectious agents, and misfolded proteins.[@CIT0006] In recent years, studies have shown that autophagy is a vital arbiter of cell fate decisions and plays an important role in inflammation, pathogen clearance, and antigen presentation. This pathway is also essential for maintaining cellular homeostasis in the skin.[@CIT0007]

Autophagy is suggested to have both tumor-suppressing and tumor-promoting functions during cancer progression. This functional duality was recently reported to be due to its association with diverse oncogenes or tumor suppressors.[@CIT0008] Generally, autophagy has a tumor suppressor role in normal cells but acts as a survival mechanism for established tumors.[@CIT0009] Squamous cell carcinoma and melanoma have demonstrated elevated concentrations of autophagic activity in which tumor aggressiveness is associated with elevated autophagic activity.[@CIT0010]

Recent studies indicate that chloroquine inhibition of autophagy could enhance cell death in metastatic SCC cells caused by flavonoid luteolin.[@CIT0011]

Autophagy related protein 7 (ATG7) is a main regulator for autophagosome formation and one of the most significant ATG members on the basis of which many animal models are constructed and developed to explore the role of autophagy in controlling physiological procedures in cells.[@CIT0012] Different studies were designed to assess the role of autophagy related protein 7 in human cancers. Autophagy inhibition in intestinal epithelial cells by conditional inactivation of ATG7 inhibits the development of precancerous lesions in patients who are at great risk of developing colorectal cancer, ATG7 deficiency leading to p53-mediated cell-cycle arrest in tumor cells but not in normal tissue.[@CIT0013] Also it was reported that ATG7 deficiency can increase breast cancer cells resistance to photodynamic therapy.[@CIT0014]

This study was designed to evaluate the role of autophagy related protein 7 (ATG7) in NMSC.

Patients and Methods {#S0002}
====================

This retrospective and prospective case-control study was carried out on 104 patients with NMSC (77 patients with BCC, 27 patients with SCC) and 20 apparently healthy volunteers' age and gender matched as a control. Prospective cases were selected from Outpatient Clinics of Dermatology and Plastic Surgery at Menoufia University Hospital. All participants provided written informed consent before enrollment in the study.

For the retrospective part of the study, tissue blocks were collected from archives of the Pathology Department, Faculty of Medicine, Menoufia University, Egypt based on the institutional review board's decision regarding patient consent spanning the period between April 2018 and January 2019. The study was approved by the Ethical Committee of Menoufia University and was conducted in accordance with the Declaration of Helsinki.

Prospective cases were subjected to a full history taking, general, and dermatological examinations, while retrospective cases were collected from patients' files and their data were maintained with confidentiality.

Skin Biopsies {#S0002-S2001}
-------------

For prospective patients, full-thickness excision of the lesion with a minimum of 5-mm clear margins was carried out for all patients.[@CIT0015] The skin biopsies were preserved in 10% neutral buffered formalin then subjected to the routine histopathological examination. From each block, several 5 micron (5 µm) thick sections were taken and stained with hematoxylin and eosin (H&E) stain for the routine histopathologic evaluation.[@CIT0016] Sections on positive charged slides were immune histochemical (IHC) stained of ATG7. Assessment of ATG7 IHC stained slides in both epithelium and stroma (as staining state: either positive or negative, staining localization.[@CIT0017] Histo-score (H score) was used to evaluate the positive cases, where both the intensity and the percentage of positivity were measured using the following formula: H score=+3 (strong intensity)×%+2 (moderate intensity)×%+1 (mild intensity)×%. The resulting score ranges between 0 and 300.[@CIT0018]

Immunohistochemical Staining {#S0002-S2002}
----------------------------

Immunohistochemical staining was done using rabbit anti-ATG7 polyclonal antibody (Cat. \# GTX32459, Gene Tex, CA; isotype IgG; diluted at 1:100). All slides were de-paraffinized with xylene and subsequently rehydrated at reduced ethanol concentration. Antigen retrieval by microwave heating (20 minutess; 10 mmol/citrate buffer, pH 6.0) after inhibition of endogenous peroxidase activity (15 minutess of hydrogen peroxidase) was performed. The primary antibodies were applied on the slides and incubated all the night at room temperature in a humidity chamber. Finally, the detection of bound antibody was achieved using a modified labeled avidin--biotin (LAB) reagent for 20 minutes then a phosphate buffered saline (PBS) wash. A concentration of 0.1% solution of diaminobenzidine (DAB) was used for 5 minutes as a chromogen. Slides were further counterstained with Mayer's hematoxylin for 5--10 minutes. The preparation of negative control slides was done by omitting the primary antibodies from the staining procedure. Normal human gastric tissues were used as a positive control for ATG7.

Statistical Analysis {#S0002-S2003}
--------------------

Data were collected, tabulated, and statistically analyzed using a personal computer with "Statistical Package for the Social Sciences (SPSS) version 22" program. Qualitative data is expressed as both number and percentage. Quantitative data is expressed as: arithmetic mean (X), standard deviation (SD), percentage (%), and median. Chi-square test (*χ*^2^-test) was used for comparing qualitative variables. Student's *t*-test and Mann--Whitney *U*-test (*U*-test) were used for comparing quantitative variables. Kruskal Wallis test was used for testing the equality of population medians among groups, as it is an extension of the Mann--Whitney test. One-way Anova test (F) was used for comparison between three or more quantitative variables. Pearson correlation was used to study the correlation between parametric quantitative variables, while Spearman correlation coefficient test (r-test) was used to describe the direction of correlation between non-parametric quantitative variables, either positive or negative. *P*-value shows a statistically significant correlation between studied groups. *P*\<0.05 is considered statistically significant and *P*\<0.001 is considered highly significant.

Results {#S0003}
=======

Demographic and clinical data of SCC and BCC are shown in [Table 1](#T0001){ref-type="table"}.Table 1Demographic and Clinical Data of the SCC and BCCItemSCC (n=27), n (%)BCC (n=77), n (%)**Age (years)** X±SD54.2±20.359.7±18.2 Median5460 Range6--7715--90**Gender** Male15 (55.6)35 (45.5) Female12 (44.4)42 (54.5)**Localization** Head and neck18 (66.7)65 (84.4) Trunk6 (22.2)12 (15.6) Extremities3 (11.1)0 (0)**Clinical presentation** Ulcer10 (37)43 (55.8) Mass17 (63)34 (44.2)**Margin** Not assessed6 (22.2)29 (37.7) Not involved19 (70.4)44 (57.1) Involved2 (7.4)4 (5.2)**Size** Mean±SD3.7**±**3.43.2**±**2.5 Min--Max0.5--150.2--12 Median2.5 (2--3.5)3 (1.9--4)**LVI** Present0 (0)0 (0) Absent27 (100)77 (100)**Perineural invasion** Present0 (0)0 (0) Absent27 (100)77 (100)[^1]

Comparison Between Studied Groups Regarding ATG 7 Expressions {#S0003-S2001}
-------------------------------------------------------------

Both epithelial and stromal ATG7 were expressed in all participants, with a significant difference regarding cellular localization. All patients showed a nucleocytoplasmic localization of Atg7 while controls showed both cytoplasmic and nucleocytoplasmic expression (*P*\<0.001) ([Figures 1](#F0001){ref-type="fig"}--[3](#F0003){ref-type="fig"}). All cases in the control group had belonged to the low H score group, whereas the majority of BCC and SCC had belonged to the high H score group ([Table 2](#T0002){ref-type="table"}).Table 2Comparison Between Studied Groups Regarding ATG7 ExpressionsEpitheliumBCC (n=77)SCC (n=27)Control (n=20)Test*P*-valuen (%)n (%)n (%)**EpitheliumStatus** Positive77 (100)27 (100)20 (100)NA--- Negative0 (0)0 (0.0)0 (0)**Localization** Cytoplasmic0 (0)0 (0)11 (55)χ^2^=62.8\<0.001 Nucleocytoplasmic77 (100)27 (100)9 (45)**H score** X±SD251.7±43.2207.04±44.685±32.2K=61.8\<0.001 Median26020080 Range140 -- 300120 -- 30030 -- 130**H groups** Low2 (2.6)2 (7.4)20 (100)χ^2^=99.7\<0.001 High75 (97.4)25 (92.6)0 (0)**StromaStatus** Positive77 (100)27 (100)20 (100)NA--- Negative0 (0)0 (0.0)0 (0)**Localization** Cytoplasmic0 (0)0 (0)10 (50)χ^2^=56.6\<0.001 Nucleocytoplasmic77 (100)27 (100)10 (50)**H-score** X±SD234.3±55.6169.4±5449±27.7K=64.9\<0.001 Median25016045 Range60--30080--30010--100**H groups** Low6 (7.8)7 (25.9)20 (100)χ^2^=69.1\<0.001 High71 (92.2)20 (74.1)0 (0)[^2] Figure 1A case of SCC. (**A**) Moderate-to-strong nucleocytoplasmic expression of ATG7 both in tumor and the surrounding stoma. (**B**) High power view of previous case. (**C**) Mild-to-moderate nucleocytoplasmic immunohistochemical expression of ATG7 in sebaceous gland (ATG7 IHC ×200 for **A** and **C** and ×400 for **B**).Figure 2A case of BCC. (**A**) Strong nucleocytoplasmic expression of ATG7 both in tumor and surrounding stroma. (**B**) High power view of previous case. (**C**) Strong immunohistochemical expression of ATG7 in cut section of hair follicle (ATG7 IHC ×200 for **A** and **B** and ×400 for **C**).Figure 3Normal skin. (**A**) Epidermis showed mild to moderate cytoplasmic expression of ATG7. (**B**) Dermis showed mild nucleocytoplasmic expression of ATG7 in hair follicle and eccrine sweat glands (ATG7 IHC ×200 for **A** and **B**).

Relation Between ATG 7 H Score and Clinical Parameters of All Patients {#S0003-S2002}
----------------------------------------------------------------------

No significant association was identified between ATG7 expression and studied clinical parameters of both SCC and BCC patients ([Table 3](#T0003){ref-type="table"}).Table 3Relation Between ATG7 H Score and Clinical Parameters of the PatientsItems H ScoreAll Patients (n=104) Mean±SDTest of Sig.*P*-value**EpitheliumLocalization** Head and neck242.8±45.5Kruskal Wallis=4.50.11 Trunk236.7±55.5 Extremities183.3±15.3**Clinical presentation** Ulcer243.6±46.7Mann Whitney=0.710.48 Mass236.3±48.7**Margin** Not assessed232.1±9.1Kruskal Walis=3.20.20 Not involved246.8±42.4 Involved213.3±51.6**Size**r=0.17*P*=0.08**StromaLocalization** Head and neck220.6±62.1Kruskal Wallis=3.40.19 Trunk211.7±63.5 Extremities165±13.2**Clinical presentation** Ulcer220.8±54.3Mann Whitney=0.290.77 Mass214.1±69.3**Margin** Not assessed215.6±67.4Kruskal Wallis=0.960.62 Not involved220.6±58.9 Involved195±64.7**Size**r=0.12*P*=0.21[^3][^4]

Relationship Between ATG 7 H Score and Clinical Parameters in SCC Patients {#S0003-S2003}
--------------------------------------------------------------------------

No significant association was identified between ATG7 H score and studied clinical parameters of SCC patients ([Table 4](#T0004){ref-type="table"}).Table 4Relationship Between ATG7 H Score (Epithelial and Stromal) and Clinical Parameters in SCC PatientsItemsSCC Epithelial H Score Mean±SDSCC Stromal H Score Mean±SDTest of Sig.*P*-value**Localization** Head and neck212.8±38.2172.2±52.1F=0.59\*P1=0.56 Trunk236.7±55.5163.3±76.1Kruskal Wallis=0.59\*\*P2=0.81 Extremities183.3±15.3165±13.2**Clinical presentation** Ulcer215±36.3178±44.4Mann Whitney=0.88\*P1=0.38 Mass202.4±49.3164.4±59.6t=0.62\*\*P2=0.53**Margin** Not assessed185±21.7150±28.4F=1.4\*P1=0.26 Not involved216.3±49.1177.9±60.5F=0.78\*\*P2=0.47 Involved185±21.2145±35.4**Size**r=−0.09P1=0.64\
P2=0.64**Staging group** I (11)206.4±13.7180.9±64.7F=0.07\*P1=0.93 II (12)210±49.550.8±37.8F=1.4\*\*P2=0.26 III (4)200±35.6193.8±58.5[^5][^6]

Relationship Between ATG 7 H Score and Clinical Parameters in BCC Patients {#S0003-S2004}
--------------------------------------------------------------------------

A significant correlation between epithelial H score of Atg7 and size of lesion (*P*=0.027) was identified. No significant association was found between ATG7 expression and other studied clinical parameters of BCC patients ([Table 5](#T0005){ref-type="table"}).Table 5Relationship Between ATG7 H Score (Epithelial and Stromal) and Clinical Parameters in BCC PatientsItemsBCC Epithelial H Score Mean±SDBCC Stromal H Score Mean±SDTest of Sig.*P*-value**Localization** Head and neck251.1±44.1234±58.1Mann Whitney=0.007\*P1=0.99 (\>0.05) Trunk254.2±39.6235.8±41Mann Whitney=0.33\*\*P2=0.74 (\>0.05)**Clinical presentation** Ulcer250.2±46.7230.7±51.9Mann Whitney=0.05\*P1=0.96 (\>0.05) Mass253.2±38.9238.8±60.4Mann Whitney=1.04\*\*P2=0.29 (\>0.05)**Margin** Not assessed242.1±53.7228.9±65.4Kruskal Wallis=1.7\*P1=0.42 Not involved260±31.5239.1±48.2Kruskal Wallis=0.42\*\*P2=0.81 Involved227.5±59.1220±63.8**Size**r=0.25r=0.16P1=0.027\
P2=0.16[^7]

Correlation Between H Score (Epithelial and Stromal) in All Patients and BCC and SCC {#S0003-S2005}
------------------------------------------------------------------------------------

A significant positive correlation between epithelial and stromal Atg7 H-score in the skin of all patients was identified (r=+0.48, *P*=0.001). Also a significant positive correlation was identified between epithelial and stromal Atg7 H-score in BCC and SCC (r=+0.29, *P*=0.009) and (r=+0.61, *P*=0.001), respectively ([Figure 4](#F0004){ref-type="fig"}).Figure 4(**A**) A significant positive correlation between H score (epithelial & stromal) of ATG7 in all patients (r=+0.48, *P*=0.00). (**B**) A significant positive correlation between H score (epithelial & stromal) of ATG7 in BCC patients (r=+0.29, *P*=0.009). (**C**) A significant positive correlation between H score (epithelial & stromal) of ATG7 in SCC patients (r=+0.61, *P*=0.00).**Notes:** "r" describes the direction of correlation as either positive or negative, otherwise *P*-value shows a statistically significant correlation between studied groups. \*Significant *P*-value; \*\*highly significant *P*-value.

Discussion {#S0004}
==========

Autophagy is a catabolic process in which cell components including proteins, lipids, and entire organelles, are digested using lysosomal enzymes.[@CIT0019] Autophagy is essential for development and maintaining homeostasis in adult organisms. Consequently, an autophagy disorder is connected with multiple pathologies, such as cancer, inflammatory bowel diseases, and neurodegenerative disorders.[@CIT0020]

Regarding skin cancer, the importance of autophagy in melanoma has been indicated by numerous studies,[@CIT0021],[@CIT0023] but the role of autophagy in NMSC is still unclear. ATG7 is suggested to be essential for the induction of autophagy.[@CIT0019] The results of the current study revealed that ATG7 was expressed in both patients and controls. However, patients showed significantly higher H-scores than controls besides the predominant nucleocytoplasmic expression which can suggest the role of autophagy in both SCC and BCC.

Similarly, Zhang et al[@CIT0024] found that the phenomena of autophagy occurred in SCC and suggested that 3-methyladenine (3-MA) and 5-fluorouracil (5-FU) combination treatment may be an effective therapy for SCC through modulation of autophagy. In the same point of view, the study of Qiang et al[@CIT0025] showed that autophagy was activated in SCC compared with normal human skin. In addition, Qiang et al proposed that, by suppressing p62-mediated p38 activation, autophagy could encourage cell survival and thus facilitate the growth of tumors under genotoxic stress.

In the same point of view, the role of autophagy was studied in oral squamous cell carcinoma (OSCC). The study of Sakakura et al[@CIT0026] delineated that autophagy elements were related to malignant potential and an unfavorable prognosis in OSCC since autophagy could actively mobilize immune cells toward the cancer bed. Terabe et al[@CIT0027] also suggested that the autophagy markers at the surgical margins could also be an important sign of local recurrence and bad human OSCC prognosis.

Furthermore, the fact that UV radiation exposure is a major risk factor for skin cancer and the suggestion of that UV radiation can induce autophagy in keratinocyte can explain the current results.[@CIT0028] Qiang et al,[@CIT0029] in a mice study, reported that ATG7 promoted UV-induced inflammation and skin tumorigenesis by induction of cytokine expression and secretion, and promotion of prostaglandin 2/Cox-2 expression. In addition, ATG7 deletion in keratinocytes leads to a suppression of stromal microenvironment and tumorigenesis of the epithelium.

When it comes to cellular localization of ATG7, the current study revealed predominant nucleocytoplasmic accumulation in SCC and BCC patients. Luo et al,[@CIT0030] in a trial to explore the role of autophagy in fast-growing tumors, reported that Proteasome 26S Subunit, Non-ATPase 10 (PMD10)/gankyrin promotes autophagy in response to starvation or stress through twocomplementary routes. In cytoplasm, PSMD10 was linked physically to ATG7 and was improved by original nutrient deprivation. PSMD10 was then transported to the nucleus and linked to nuclear heat shock transcription factor 1 (HSF1) onto the ATG7 promoter, upregulated ATG7 expression in the advanced stage of starvation.

Okada et al[@CIT0031] found that immunohistochemical reactivity for ATG7 was detected in the cytoplasm of cellular components in dental follicles and ameloblastomas. There was growing evidence that nucleocytoplasmic shuttling of proteins in the autophagy pathway contributes to the regulation of this process.[@CIT0032] Nucleocytoplasmic localization in this study was in favor of non-melanoma skin cancer could be explained by reluctant autophagy pathway and persistence of inactive form of LC3 in the nucleus.[@CIT0033]

Moreover, Huang and Liu[@CIT0033] examined the essential role for nuclear LC3 in starvation-induced autophagy. LC3 is distributed in an acetylated shape in the nucleus as well as in cytoplasm during nutrient rich circumstances. The deprivation of nutrients encourages the transformation of LC3 from the nucleus into the cytoplasm. This shift is dependent on a protein deacetylation. In addition, for LC3 to bind to ATG7 for subsequent lipidation, deacetylation is also necessary. Therefore, the nuclear pool of LC3 is the main source for a membrane conjugated LC3 with a nucleocytoplasmic translocation as a preparation of starved cells for autophagy induction.

Didona et al[@CIT0034] suggest that UV exposure is considered a complete carcinogen as it leads to cellular damage because of the reduction of cell-mediated immune responses, production of reactive oxygen species (ROS) and oxidative damage to DNA. UV exposure affects the p53 expression, which is altered in both AKs and SCC. P53 accumulation can lead to cell cycle arrest or apoptosis. Simon et al,[@CIT0035] upon studying of retrograde signaling from autophagy modulated stress responses, found that ATG7 is an essential protein for the activation of P53-dependent transactivation of P21 leading to cell cycle arrest. ATG7-P53 complexes are found in both the cytoplasm and nucleus of this cells.

Zhu et al[@CIT0036] conducted a study on p62 as a marker for autophagy and compared its expression level in tumor tissues and normal tissues. P62 locates at the autophagosomal membranes and acts as an autophagy receptor through interacting with microtubule-associated protein 1 light chain 3 B (LC3B) and ubiquitinated cargoes. The study demonstrated that p62 protein in tumor cells was elevated and situated primarily in cytoplasm compared to ordinary cells, and this cytoplasmic accumulation predicted bad prognosis in some malignant tumor.

The current study showed that stroma ATG7 expression parallel to the epithelium and both are positively correlated and this means a positive interaction between microenvironment of surrounding tumor and tumor cells. To the best of our knowledge and after a search of English literature, no studies concerning this point were found.

Finally, it is obvious that ATG7 can play a role in pathogenesis of NMSC; however, this study has some limitations in the form of the low number of patients with SCC.

Limitation {#S0005}
==========

Limited number of cases of squamous cell carcinoma.

Conclusion {#S0006}
==========

This study may provide a new insight into the role of autophagy in NMSC pathogenesis and could open the gate for new target therapy for this skin cancer, which needs more study.

Disclosure {#S0007}
==========
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[^1]: **Abbreviations:** LVI, lymphovascular invasion; n, number; X, mean; SD, standard deviation.

[^2]: **Abbreviations:** X, mean; SD, standard deviation; K, Kruskal Wallis test; n, number; χ^2^, chi-square test; NA, not applicable.

[^3]: **Note:** r, correlation coefficient.

[^4]: **Abbreviations:** Sig., significant; SD, standard deviation.

[^5]: **Notes:** F, one way Anova test; r, correlation coefficient; t, Student's test; P1, relationship between epithelial H score and clinical parameters; P2, relationship between stromal H score and clinical parameters; \*significance between SCC epithelial H score and clinical parameters; \*\*significance between SCC stromal H score and clinical parameters.

[^6]: **Abbreviation:** SD, standard deviation.

[^7]: **Notes:** r, correlation coefficient; P1, relationship between BCC epithelial H score and clinical parameters; P2, relationship between BCC stromal H score and clinical parameters; \*significance between BCC epithelial H score and clinical parameters; \*\*significance between BCC stromal H score and clinical parameters.

    **Abbreviation:** SD, standard deviation.
